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Abstract

“Sound Swallowing (Tunyin, 7Zr7, hereafter Beijing Swallowing)” is an understudied
phenomenon in Beijing Mandarin. Of all processes characterized as “Beijing Swallowing”,
“swallowing” elicited by retroflex obstruents was most frequently and consistently reported
in prior studies (e.g., Han, 2024; Chirkova & Chen, 2012; Zhang, 2005). That is, the syllable
rime preceding the retroflex takes on a final [1], and the syllable containing the swallowing-
triggering retroflex gets fully dropped, for instance, pu’! tso-** tav’! — puy’! tav’! (A4,

‘do not know’). However, this claim is supported by limited acoustic evidence.

The current study aims to investigate the acoustic features of “Beijing Swallowing”
triggered by retroflex obstruents. 15 native Beijing speakers participated in a trisyllabic
sequence production task, producing a given list of stimulus sequences under different
conditions (“unswallowed”, “swallowed” and “rhotacized”). The results suggest that
retroflex-triggered “swallowing” involves merging the syllable that contains the retroflex and
its preceding syllable into one and reducing their overall duration, while lowering the average
F3 value of the rime preceding the retroflex. Furthermore, results suggest that retroflex
“swallowing” and [1] suffixation should be treated as two distinct processes on the phonetic

level.

A sentence production task was also conducted to examine the relationship between
speech rate (“normal”, “slow” and “very slow”) and the presence of retroflex “swallowing”,
in order to preliminarily discuss the potential phonologization of this process. The results
indicate that, although the frequency of “swallowing” is still sensitive to speech rate, acoustic
features of retroflex “swallowing” can be observed in slow, and even occasionally in very
slow speech. This suggests that retroflex-induced “swallowing” might be undergoing
phonologization, challenging the previous claim by Han (2024) that the process is fully

phonetic.
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1. Theoretical Background

1.1.  Beijing Mandarin

Beijing Mandarin (Béijinghua, F 4{7%) is a northern dialect of Mandarin Chinese, spoken
in urban Beijing by its residents (Chirkova & Chen, 2012). Beijing Mandarin holds a unique place
among all contemporary Mandarin variants, as it serves as the phonological base of modern
Standard Mandarin (Pitonghua, 215 7%). The latter is the official language of Mainland China and
a lingua franca used by Chinese-speaking communities worldwide (Chirkova & Chen, 2012;

Handel, 2017; Li, 20006).

Despite its prominent status, documentation and academic studies on Beijing Mandarin are
limited, especially in its phonetics. This could be explained by several factors identified in previous
studies: First, Beijing Mandarin is often overlooked as a distinct subject of study from Standard
Mandarin, as the two are conventionally considered as phonologically comparable. However,
previous studies have found Beijing Mandarin to differ considerably in all linguistic sub-systems
from Standard Mandarin, even in its phonological organization (Astraxan et al., 1985; Zhu, 1987;
Lin et al., 1987; as cited in Chirkova & Chen, 2012). As a result, while Standard Mandarin is the
most researched Mandarin variant, its studies are not fully generalizable to Beijing Mandarin.
Second, according to Chirkova & Chen (2012), Beijing Mandarin’s underrepresentation is also
related to its lower prestige, associated with the lower education and socio-economic status of its
speakers. Moreover, as stated in Ingebretson (2025), the language policy in Mainland China
promoting Standard Mandarin caused a loss of other Chinese variants, which might also have

contributed to the neglect of Beijing Mandarin in academic research.

1.2.  “Sound Swallowing” in Beijing Mandarin

Besides its rich colloquial lexicon (e.g., Zhang, 2014) and extensive use of “er-hua” rimes (i.e.,
syllable-final rhoticity, e.g., Lee, 2005; Xing, 2021), another feature distinguishing Beijing
Mandarin from Standard Mandarin is a phenomenon known as “Sound Swallowing (Tiinyin, 72,

hereafter Beijing Swallowing, or simply, swallowing. See (1)-(3) for examples)”.



There are only very limited previous studies on “Beijing Swallowing”. Consequently, the
linguistic nature of this phenomenon remains largely unclear. Several studies discussed the
relationship between “Beijing Swallowing” and speech prosody. Specifically, trisyllabic Mandarin
sequences often exhibit a “medium—weak—strong” prosodic structure, and the middle syllable is
most sensitive to “swallowing” (Chao, 2005; Yan & Lin, 1988; Wang & Wang, 1993; as cited in
Han, 2024). “Beijing Swallowing” was also briefly mentioned in other studies that focused on the
sociolinguistic aspect of Beijing Mandarin. For instance, Zhang (2005, 2021) described
“swallowing” triggered by the three Mandarin retroflex obstruents (/tg/, /ts"/ and /s/) as a process of
lenition, in which the retroflex onsets in weak syllables merge into [1], resulting in the rhotacization
of the rime of the syllable preceding the retroflex. This pattern was also reported by other studies, as

shown in examples (1)-(3).
(1) Swallowing triggered by yoiceless retroflex fricative /s/ (Chirkova & Chen, 2012):
tjen®! g1 thar®> — tigp>'thai® (B 7, “TV station”)
(2) Swallowing triggered by aspirated retroflex affricate /s (Zhang, 2005):
phai {s"u suo — phaiy suo (JIeH /7, ‘police station’)
(3) Swallowing triggered by unaspirated retroflex affricate /ts/ (Han, 2024):
pu’! {5053 tav’! — puy’! tav’! (A A7E, ‘do not know”)

For reference, the superscripted numbers in examples (1)-(3) represent the Mandarin lexical
tones in Chao tone numerals (Chao, 1930, as cited in Bao, 1990), describing the pitch countours
with a five-level frequency scale (1 = lowest, 5 = highest). This transcription method will be used
throughout this paper if not otherwise specified. An overview of Chao tone numerals is provided in

Table 1.



Table 1. The four Mandarin lexical tones, described in Chao tone numerals (Chao, 1930)

Tone description | Chao tone numbers
High-level 55
Mid-rising 35

Low-dipping 214
High-falling 51

To the author’s knowledge, to date, there is only one relatively comprehensive and systematic
phonetic study on “Beijing Swallowing”, published in 2024 by Han. Focusing on “swallowing” of
native Beijing speakers in familiar trisyllabic sequences, Han identified three major “swallowing”

patterns:
A. Merger of the middle and the initial syllable, wherein the trisyllabic sequences being
reduced to disyllabic, e.g.:
(3)  pu’! 5o tav’! — pur’! tav’! (A AE, do not know”)
B. Partial reduction of the middle syllable, e.g.:
4) xu’! kuo® s¥’! — xu’! uo®® s¥°! (#7[5<F, location name)

C. Complete deletion of the middle syllable with no trace left behind, e.g.:

(5) tup’ v’! yan® — tup’! yan® (z17/7, “200”)

For each major “swallowing” pattern, Han also recognized several sub-patterns. According to
Han, these patterns displayed significant arbitrariness, and the “swallowing” behavior recorded
exhibited notable individual-, item-, and context-specific variability. Moreover, a “swallowed” form
was reported to show no semantic difference from the “unswallowed” form. Based on these
observations, Han concluded that “Beijing Swallowing” is a purely phonetic phenomenon',

primarily driven by speech rate and articulatory economy.

' Han’s reasoning, surprising as it may seem, is translated as follows: “Beijing Swallowing’ is a purely phonetic phenomenon:
Unlike neutral tone or rhotacization, which, while phonetic in nature, are also closely related to semantics and syntactic structure,
‘swallowing’ should be considered entirely phonetic, with little to no impact on meaning |[...] Precisely because of these
characteristics, ‘swallowing’ should be considered a relatively individual phonetic phenomenon.”
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1.3, “Sound Swallowing” in Tianjin Mandarin

Han’s study was largely inspired by a previous study on “Sound Swallowing” in Tianjin
Mandarin (Wee et al., 2005), another Northern Mandarin dialect spoken in a region about 120 km
from Beijing? (Li et al., 2017). According to Han and Wee et al., “Sound Swallowing” is a largely
shared feature of Beijing and Tianjin Mandarin. Therefore, the studies on “Tianjin Swallowing”
(referred to by Wee et al. as “casual speech elision”) might offer some insights into “Beijing

Swallowing”.

Wee (2008, 2014) analyzed “Tianjin Swallowing” as a process of “elide-and-merge”.
Specifically, they proposed that trisyllabic Mandarin sequences contain two inter-syllabic
“windows” (see Figure 1), and phonological material, especially consonants, can be elided at the
first window (Window I) between the two non-final syllables. As “swallowing” takes place, the
coda of the initial syllable and the onset of the medial syllable are dropped, and the remaining

segments merge to form a single syllable, as illustrated in Figure 2.

Initial o (syllable) Medial o Final o
S -
Window I Window II

Figure 1. Wee’s schematic representation of Mandarin trisyllabic strings (figure from Wee, 2014)

Merges to form
one syllable

Ginitial Omedial Ofinal
Ons Rime Onset Rime

— T~
Nucleus COdf
O O

Figure 2. Wee’s analysis on “Sound Swallowing” in trisyllabic Tianjin Mandarin sequences as a
process of elide-and-merge (figure from Wee, 2014)

* Given China’s vast size, i.e., 9,600,000 km? (https://en.wikipedia.org/wiki/Geography of China), the two regions are generally
considered fairly near each other.



1.4. Limitations of previous studies

While offering some valuable insights into the phonetic aspect of “Beijing Swallowing”, there

are several limitations in the previous studies reported above:

First, Han’s (2024) analysis was fully based on broad IPA transcriptions, without conducting
any investigation on the acoustic level. As a result, some instances of “Beijing Swallowing”
reported in the paper might be oversimplified, or even inaccurate in terms of phonetic details. For
example, as shown in Figure 3, the pitch curve of the initial syllable in the “swallowed” trisyllabic
sequence |pu’!.fso-3.tav’!| is slightly uprising and should be described as [pug**] or [pur®®].
However, this was inaccurately reported by Han as [puy’!] in (3), which takes the simple falling
tone of the initial syllable in the “unswallowed” form. Despite potential individual variation, this

might suggest that Han’s report on the effect of “swallowing” on tone realization is oversimplified.

0.614881669 1.25971674 1.70054906 2.09944269
800 800

500 500

300 300
200 . — —_— 200 —

100
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501~
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50{— g

|puS1.{52:55.tavs1| |pusS1.f52:55.taus1|

Pitch (Hz)
Pitch (Hz)

unswallowed swallowed

ol 02 o3 ol o2

0.6149 1.26 1.701 2.099
Time (s) Time (s)

Figure 3. Pitch counters of trisyllabic sequence |pu’'.{so-3.tav’®!| from the same speaker
(Participants 01 in the current study), without (left) and with (right) “swallowing”

Another example of potential inaccuracy in Han (2024) is (6), which, according to Han, is an
instance of Pattern C “swallowing” (i.e., “complete deletion of the middle syllable with no trace left
behind”). However, spectrographic comparison shows clear differences in the initial syllables
between a “swallowed” |mu’!.¢y®>.ti°!| and [mu’'.ti>!], most significantly in the trajectories of the
second formant (marked with boxes in Figure 4). This further questions the accuracy and
representativeness of Han’s observations, highlighting the need to collect more reliable data for

“Beijing Swallowing”.

55 tiSl

(6) mu’!ey — mu’! ti°! (A HEH, 1ocation name)
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%ég(3)293784 0.482426047 0 995243708 1.32406694

Frequency (Hz)
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0
0.1433 1.324

Time (s) Time (s)

Figure 4. Spectrogram of “swallowed” trisyllabic sequence |mu’! ¢y> ti®!| (left) and [mu®! i3]
(right) from the same speaker (Participant 10 in the current study)

Second, Han’s conclusion that “Beijing Swallowing” is a purely phonetic process was mostly
drawn from the observation that “swallowing” had no effect on the meaning of a word for both the
speaker and the listener. However, while not documented in prior research, there is one case of
lexicalized “swallowing” consistently recognized by Beijing speakers. Specifically, [dap’!.laf®],
which is the “swallowed” form of |da’!.tsa’!.1a;®’], is used exclusively as a location name (Liang,
2021), while the “unswallowed” form means “big fence” in the literal sense. According to some
models on language change, for instance the one summarized by Hyman from various sources
(2008, see example (7)), lexicalization is a subsequent process to phonologization. Although
[dap’'.la;*] is the only known instance of potential lexicalization of “Beijing Swallowing”, it still

suggests that Han’s claim should be taken with caution.

(7) Hyman (2008, derived from Vennemann (1972a, b), Dressler (1976, 1985), Joseph & Janda
(1988), etc.):

phonetic > phonologized > phonemicized > morphologized > lexicalized > LOSS

Furthermore, according to Han, retroflex-triggered “swallowing” resulting in the rhotacization
of its preceding syllable rime was only reported to have been observed in /z/ in the 1980s, (Lin,
1982; as cited in Han, 2024). An example is shown in (8). However, such “swallowing” patterns

can now be found in other retroflex obstruents (see examples (1)-(3)), suggesting potential
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expansion of the process in the past forty years. As this could involve the phonological level, further

investigation on the phonologization of retroflex-triggered “swallowing” is required.
(8) mei* zon® tehy>l— mor?? tehyS! (N 2 ‘no one is going’)

It should also be noted that the retroflex “swallowing” patterns reported in previous studies
might not be fully accurate (see examples (1)-(3)). These studies, being predominantly
sociolinguistic rather than phonetic, treated “swallowed” retroflexes as akin to syllable-final
rhoticity (“er-hua”) in Beijing Mandarin, transcribed with an [1]. However, closer investigation of
the phonetic nature of Beijing final rhoticity suggested otherwise. An acoustic study by Lee (2005)
described the process as [2-]-suffixation. According to Lee, monophthong rhotacization results in a
significant drop in the third formant (henceforth F3), and the rhotacized monophthongs are not
retroflexed in nature. This was also confirmed by a study by Xing (2021). Xing’s study also found
that vowel rhotacization in Beijing Mandarin is not realized through attaching the rhotic
approximant to the vowel, but through rhoticity of the whole rime. Thus, it is suggested to test on
the acoustic level, particularly with the F3 value, whether a full merger of retroflexes into [1] takes

place during “swallowing”.

Moreover, Han’s study landed on the conclusion that the realization of “swallowing” is highly
unstable, exhibiting significant variation across speakers, contexts and items. The conditioning
factors of the three major “swallowing” patterns and the many sub-patterns identified remain

underspecified.

2. The Current Study

Following Han (2024) and Wee et al. (2005), the present study focuses on “Beijing
Swallowing” triggered by the three Mandarin retroflex obstruents (i.e., /ts/, /ts®/ and /s/; /z/ is not
included because the realization of this sound is highly variable between speakers) in high-

frequency trisyllabic sequences in native speakers of Beijing Mandarin.
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2.1.  Aims

The objectives of the current study are two-fold:

First, as previously noted, existing research on “Beijing Swallowing” is scarce, particularly
at the acoustic level. This lack of empirical evidence significantly hinders further investigation on
this phenomenon. Therefore, the primary goal of this study is to collect some reliable acoustic data
on “Beijing Swallowing”, providing a foundation upon which the present and future research can
build. This study also aims to test the retroflex “swallowing” pattern reported in previous studies
(e.g., Han, 2024; Chirkova & Chen, 2012; Zhang, 2005). That is, the syllable rime preceding the
retroflex takes on a final [1], while the syllable containing the swallowing-triggering retroflex gets

fully dropped, for instance, pu’! {so-*° tav’! — puy®! tav’! (A4/#, ‘do not know”).

Second, this study aims to re-examine Han’s claim that “Beijing Swallowing” is a highly
unstable, purely phonetic process driven by speech rate and articulatory economy, as Han’s
conclusions were based on limited acoustic evidence and involved notable methodological
shortcomings. Namely, this study seeks to explore whether Beijing speakers’ “swallowing”

behavior exhibits recognizable patterns that suggest phonologization.

2.2.  Why retroflexes?

Although it would be ideal to provide a comprehensive acoustic profile involving all
segments that may induce “Beijing Swallowing”, the current study is restricted to “swallowing”
triggered by retroflex obstruents. This focus is informed by the consistent recognition of retroflex-
triggered “swallowing” patterns in previous studies (Han, 2024; Zhang, 2005; Zhang, 2021;
Chirkova & Chen, 2012), Han’s (2024) report on the diachronic expansion of retroflex
“swallowing”, and the one instance of lexicalized “swallowing” in Beijing Mandarin, which also
happens to involve a retroflex affricate (see Section 1.4). This recurrent emphasis highlights the
importance of retroflex obstruents in “Beijing Swallowing” and its possible interaction with levels

beyond phonetics. The author therefore considers these segments a good starting point for

13



investigating the complex process of “Beijing Swallowing” and its relationship with

phonologization, which could inform the direction of future studies.

2.3.  How to determine whether something is phonetic or phonological?

In order to re-examine the phonetic nature of “Beijing Swallowing”, some indicators for the
presence or absence of phonologization, namely, the process “whereby a phonetic process becomes
phonological”, are needed (Hyman, 1975, as cited in Hyman, 2008). According to Shahin (2011,
summarized from various sources, e.g. Hyman, 2008), categoricality or discreteness is the only
necessary indicator for phonologization. In other words, phonologization is considered to have
taken place if certain phonetic forms consistently and relatively stably surface in speech. However,
this is hard to incorporate into the present study due to the lack of knowledge to the acoustic
characteristics associated with retroflex-triggered “swallowing”. Another indicator of
phonologization proposed by Shahin is its interaction with the morphological or syntactic structures
of the language, which is in line with the model summarized by Hyman (2008) in (7). Nonetheless,
this is also not applicable for investigating “Beijing Swallowing”, as there is almost no report of its

interactions with these levels except for the one instance of lexicalized “swallowing”.

To gather evidence for phonologization, a method based on speech rate proposed by Solé (1994)
is applied in the current study. Through investigating vowel nasalization in American English and
Spanish, Solé found processes with phonetic origins, like lenition or deletion, typically increase at
faster speech rates. However, they can occur even in slow speech or in careful pronunciation if
become phonologized. Once fully phonologized, these processes are no longer sensitive to speech
rate. Another study by Solé¢ & Ohala (2010) investigated hight-dependent vowel duration contrast in
various languages. The findings suggested that the stable occurrence of a contrast across different
speech rates indicate intentional control from the speaker, indicating the contrast has been
phonologized. While not as necessary and conclusive as the categoricality / discreteness criteria
mentioned above, the speech rate method could still serve as a useful approach for the preliminary

investigation on phonologization in “Beijing Swallowing”.
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2.4.  Research questions and approaches

The current study consists of two main components, approaching retroflex-triggered

“swallowing” from a phonetic and a phonological perspective respectively:

1) Phonetic investigation: This investigation aims to address the acoustic characteristics
associated with retroflex-triggered “Beijing Swallowing”, particularly in terms of syllable
merger, duration reduction, and F3 value. The focus on F3 was informed by Lee’s (2005)
finding that final rhoticity in Beijing Mandarin causes F3 drop, implying potential F3 drop
in retroflex “swallowing” as well. This was approached with a trisyllabic sequence
production task (trisyllabic production task hereafter), comparing participants’ production
with and without “swallowing”. Furthermore, the retroflex “swallowing” pattern reported in
previous studies (i.e., the syllable rime preceding the retroflex takes on a final [{], while the
syllable containing the swallowing-triggering retroflex gets fully elided) was tested by
comparing the acoustic characteristics between the “swallowed” and “rhotacized” forms, as
well as comparing the effect of the vowel following the swallowing-triggering retroflex on

the F3 of the initial syllable’s rime in the “swallowed” forms (see Section 3).

2) Phonological investigation: This investigation aims to examine whether retroflex-triggered
“Beijing Swallowing” occurs in slow speech, and how speech rate affects the frequency of
“swallowing”. This was approached with a sentence production task that elicits more
natural-speech like production than the trisyllabic production task, in order to compare the
frequency of the occurrence of acoustic characteristics associated with retroflex

“swallowing” identified in the phonetic investigation across different speech rates.

3. Methods

3.1.  Participants

Sixteen adult native speakers of Beijing Mandarin participated in the experiment. One

participant (Participant 13, 79-year-old male) was excluded from the final analysis because he was
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deemed unreliable’. All participants were born in urban Beijing, and were raised and educated there
until at least 18 years old. They self-reported to have no physical or cognitive impairments that

might affect their performance in the experimental tasks.

Recruitment was mainly conducted through WeChat, a Chinese instant messaging service
(Tencent Holdings Limited, 2025). Recruited via a message distributed through WeChat,
participants completed a brief questionnaire on Qualtrics (Qualtrics, Provo, UT) to sign up for the
experiment and provide necessary information to confirm their eligibility. Participants’
demographic information was collected through a questionnaire after their participation in the
experiment. Table 2 provides an overview of the participants’ demographic profile. A more detailed
summary is available in Appendix 1. This information was collected with participants’ informed
consent, under the approval of the Ethics Committee of the Faculty of Humanities at the University
of Amsterdam, case number FGW-6261. The information brochure and consent form for the current

study are provided in Appendix 4 with English translation.

Table 2. Demographics of Participants (Participant 13 excluded)

Demographics Group n Percentage (%)
Age M =28.6,max =44, | 18to 30 M =219, max =25, min=18) |11 | 73%
min = 18) 30 or above (M =42.0, max =44, min= | 4 27%
37)
Gender Male 8 53%
Female 7 47%
Family background Two Beijing-born parents 10 | 67%
One Beijing-born parent 3 20%
No Beijing-born parent 2 13%
Education College or above 15 100%
Knowledge in other One other language 12 | 80%
languages aside from More than one other language 3 20%

*The decision of exclusion was made carefully based on the following reasons: 1. The participant only provided his personal
information verbally prior to the experiment, declaring that he had no physical or cognitive impairments that might affect his
performance in the tasks. However, he informed the experimenter that he was wearing hearing aids halfway through the recording. 2.
There was a question in the questionnaire that the participant filled out with the experimenter, asking whether he had any knowledge
to languages other than Mandarin. The participant claimed to have no knowledge to any second language when filling out the
questionnaire. However, in a later conversation, he disclosed that he speaks both English and Russian. 3. Although being asked to
avoid verbal conversation with the experimenter during the recording unless necessary, the participant made a lot of verbal
comments, making data processing particularly challenging. 4. The participant showed limited understanding to the experimental
conditions used in the tasks. Given these, the participant was considered unreliable and excluded from the analysis.
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Standard Mandarin and
Beijing Mandarin

Knowledge in other None 12 | 80%

Mandarin variants aside | One other variant 3 20%
from Standard
Mandarin and Beijing
Mandarin

3.2, Stimuli

3.2.1.  Part 1: Trisyllabic production task

In the trisyllabic production task, participants were asked to read out a given list of existing
trisyllabic stimulus words and phrases under three different conditions (“unswallowed”,
“swallowed”, and “rhotacized”). Twenty-four stimulus sequences were employed for this task, with

three extra sequences used for training. A complete list of the stimuli is provided in Appendix 2.

All stimuli were existing high-frequency trisyllabic sequences in Beijing Mandarin with a
“medium-weak-strong” prosodic structure, the weak middle syllable of which contains a retroflex
obstruent onset. The stimuli were controlled for the segments directly adjacent to the swallowing-
triggering retroflex in the underlying form. That is, the nuclei of the two non-final syllables were
monophthonic. The retroflex was preceded by either /a/, /i/ or /u/, and followed by either /a-/ or /u/.
This forms six possible phonetic contexts surrounding the retroflex, evenly distributed across the
twenty-four stimuli, namely, four stimuli for each phonetic context. These four stimuli that share
the same phonetic context (i.e., the vowels adjacent to the swallowing-triggering retroflex) were
further divided into two groups, forming two pairs that contrast in the manner of articulation
(hereafter MoA) of the swallowing-triggering retroflex (fricative vs. affricate). This is to minimize
the potential effect of MoA on the measurements. Since constructing trisyllabic minimal pairs that
differ solely in the MoA of the retroflexes is difficult, only the onset on the initial syllable is
controlled for, as it is directly adjacent to the rime of the initial syllable, which is the focus of the

current study. A stimulus pair employed in the trisyllabic production task is provided in 7able 3.
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Table 3. Examples of stimuli employed in the trisyllabic production task

. .. MoA of Vowel before Vowel after
Stimulus | Gloss Transcription
retroflex retroflex retroflex
7L | ‘Bighty-nine’. |ba>>. g%, tejou?!| | fricative /a/ /o
/(A7 | ‘Eight dogs’ Iba%s. tso-53. kouv?!4| | affricate /a/ Jo/

3.2.2.  Part 2: Sentence production task

In the sentence production task, participants were asked to read out a list of given sentences
under different speech rates. Thirty stimulus sentences were employed for this task, with three
additional sentences used for training. A complete list of the stimuli is provided in Appendix 2. All
stimulus sentences contained a familiar trisyllabic location name in Beijing that has a retroflex onset
in its middle syllable, in order to elicit more natural-speech like production. Unlike the trisyllabic
production task, the location names were not controlled for the phonetic context surrounding the
retroflex was not controlled, as it was hard to find enough location names with swallowing-
triggering retroflex between monophthongs. The stimulus sentences followed the uniform structure

in (9). An example of a stimulus sentence is provided in (10).

(9) Structure of stimulus sentences:
[Disyllabic person name] 7t [trisyllabic location name] il

‘[Disyllabic person name]’s house is nearby [trisyllabic location name].’

(10) Example of stimulus sentence:
FLU LI

‘Lihong’s house is nearby Xishiku.’

3.3.  Experimental design

3.3.1.  Part 1: Trisyllabic production task

During the trisyllabic production task, participants produced each stimulus under three different
conditions, namely, “unswallowed”, “swallowed”, and “rhotacized”. The former two conditions

were elicited by asking the participants to produce the sequence with or without “swallowing”. The
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“rhotacized” form here refers to the form in which the underlying trisyllabic sequence gets
rhotacized in the rime of its initial syllable, and its middle syllable gets fully elided. This is to test

the accuracy of this “swallowing” pattern of retroflex obstruents reported in previous studies.

Instructions on the condition in which participants were asked to produce the utterance were
given in text, as summarized in Table 4, along with examples of the hypothetical surface forms
under the three conditions of the underlying form |ba®. sa¥. tejou?!4|. To note, as their phonetic
nature remains to be tested, the “swallowed” and “rhotacized” surface forms in this table are only

approximate transcriptions informed by previous studies.

Table 4. Instructions used to inform different experimental conditions in trisyllabic production task

Hypothetical
Condition Instruction Underlying form P '
surface forms
Unswallowed | iEfEHIEFE®R | AEREE |ba%. so%°. tejou?!¥| 5 35 . o
KAEBAEE I 7E | ‘do not swallow’ [ba™. 5o tejou]
Swallowed AN =T, BEH (bag . tejou]
TR ‘please swallow’ -l
Rhotacized ‘Please read out X .
ot | R AL
loud the trisyllabic | .
sequence displayed =
‘there’ bai 5. teion?!4
below at your ere ,S o [bag™. tejou™]
rhotacization in
normal speech rate. i
, the middle’
Please note that:

Stimuli and instructions were presented with PsychoPy (Peirce et al., 2019). The PsychoPy
interface presented to the participants for this task is as illustrated in Figure 5. Participants were
instructed to produce the given trisyllabic sequence in the middle according to the instructions
provided on the top of the screen after carefully reading the condition (see Table 4) written in red
text. The experimenter clicked the “continue” button at the bottom of the screen once the participant

confirmed to proceed to the next stimulus.
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Please read out loud the trisyllabic sequence displayed below at your normal speech rate.
Please note that:

@ﬁE%EEkF%HTEEWW FiAE,

HAER:

% g%z Do not “swallow”

| 355 53,35 t‘;100214|
‘Eighty-nine’

bl U £

Click here to continue

Figure 5. PsychoPy interface for the trisyllabic production task, English translation added for
reference

3.3.2.  Part 2: Sentence production task

During the sentence production task, participants produced each stimulus sentence at three
different speech rates, namely, “normal”, “slow”, and “very slow”, plus an “unswallowed”
condition to elicit production explicitly without “swallowing” as control. Instructions on the
condition in which participants were asked to produce the utterance were given in text, summarized
in Table 5. The PsychoPy interface for stimuli and instructions presentation is as illustrated in
Figure 6. The most crucial difference of this task from the trisyllabic production task lied in the
instructions given to the participants. That is, they were asked to imagine a casual, natural set-up
under a Beijing Mandarin context when reading the stimulus sentences, for instance, talking with
someone with a heavy Beijing accent. This is to elicit more natural-like speech and minimize the

potential influence of Standard Mandarin on participants’ production.

Table 5. Instructions used to inform different experimental conditions in trisyllabic production task

Condition Instruction
Unswallowed BRI NI A, 5. 1EH
Please read out loud the following ‘normal’
Swallowed sentence. The speech rate should be:” | &
‘slow’
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Rhotacized (YL

‘very slow’
Unswallowed HEHIEFEEERNFBE N F R | AEES
KA, EEE: ‘do not swallow’

‘Please read out loud the sentence
displayed below at your normal speech
rate. Please note that:’

Please read out loud the following sentence. The speech rate should be:

BEAERRTENAT, ER®:

_I—_E r\%" Normal

fE)_(_F%gj(E;‘_]Fz 3 %Bj\jl)[,o

‘Zhaoling’s house is nearby Caishikou’

J bl U £

Click here to continue

Figure 6. PsychoPy interface for the sentence production task, English translation added for
reference

3.4. Procedure

Data collection was conducted in person in Beijing. Prior to taking part in the experiment,
participants were briefly informed of the purpose of the study and provided their informed consent

to participate and be recorded. The information brochure and consent form are provided in

Appendix 4.

During the experiment, participants were seated in front of a desk in a quiet room, with a
MacBook laptop on the desk for displaying stimulus sequences or sentences as well as

corresponding instructions. Recording was made with an EDIROL R-1 Portable WAVE/MP3

recorder and a Beyerdynamic TG H34c microphone headset.
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The entire procedure with each participant lasted approximately 40 minutes. Participants
first took the trisyllabic production task. To familiarize participants with the task, they were first
trained with three sample stimuli, each presented in the three experimental conditions in the order of
“unswallowed”, “swallowed” and “rhotacized” (i.e., nine trail utterances in total). Recording started
after the completion of the training. For the recorded part, stimuli were presented in randomized
order to avoid priming the participants with any of the conditions or stimuli. The presented order
was automatically logged in a .csv file to facilitate data processing. The procedure of the
subsequent sentence production task was largely consistent with the trisyllabic production task, only
substituting trisyllabic sequences with sentences. Similarly, participants were trained with three
sample sentences before the recording, each presented in the three speech rates in the order of

“normal”, “slow” and “very slow”.

3.5.  Data processing & measurements

3.5.1.  Pre-processing

The raw audio recordings were first manually edited in Praat (Boersma & Weenink, 2025)
to remove invalid parts, such as participants talking to the experimenter, stutters, or instances where
participants misread the instructions and were asked to produce the utterance again. Other
extraneous noises visible in the waveform and the spectrogram, such as heavy breathing or
coughing, were also cut. Only the target utterances were retained in the cleaned audio files. The
sounding parts of each processed recording were then marked out in an .TextGrid file with the

“Trim silences...” function in Praat, in preparation for annotation.

3.5.2.  Data processing & measurements

3.5.2.1.  Trisyllabic production task

Preliminary annotation of the audio files collected in the trisyllabic production task was
conducted using a Praat script, which automatically inserted the text of the stimulus sequences and
corresponding conditions logged in the .csv files into two newly created interval tiers in

the . TextGrid file obtained from pre-processing, named “Word” and “Condition”. Two other
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interval tiers named ‘“Non-final” and “Onset/rime” were also added. Detailed annotation was

conducted fully manually. The Montreal Forced Aligner was tested for semi-automatic annotation

(McAuliffe et al., 2017). However, it was not fully applicable as the tool lacks an acoustic model

and dictionary for “Beijing Swallowing”. For each trisyllabic utterance, an interval starting with the

onset of its initial syllable and ending with the onset of its final syllable was annotated on the “Non-

final” tier, labeled “nf”. This marks the non-final-syllable portion (referred to as non-final part

hereafter) of each utterance. The bold and underlining in Table 6 illustrates the non-final part in the

surface form under the three experimental conditions. Another interval starting with the onset of the

rime in the initial syllable and ending with the offset of the rime in the initial syllable of each

utterance was annotated on the “Onset/rime” tier, labeled “rl1”.

Table 6. Non-final part in the surface form under three experimental conditions, marked with bold

and underline

Underlying form Condition Hypothetical surface form

|ba®. sa°°. tejou?!¥| | Unswallowed [ba3, sa%. tejou?!4]
Swallowed [bay . tejou?!4]
Rhotacized [bag . tejou?!4]

Data extraction for the trisyllabic production task was carried out using a Praat script. The

following measurements were included:

1) Number of syllable(s)*: The number of syllables in the non-final part of each utterance was

measured. This was achieved through the “To PointProcess...” function in Praat by

detecting long intervals between adjacent glottal pulses. To achieve more precise glottal

pulses, the pitch floor was set at 100 Hz for female speakers and 75 Hz for male speakers,

while the pitch ceiling was 500 Hz for the female group and 350 Hz for the male group.

Specifically, if the duration of an interval exceeded 0.05 seconds and occurred within the

non-final part of the utterance, it was considered to indicate the presence of a syllable

boundary, as all investigated segments were voiceless and there was not intervocalic voicing.

* This method was developed based on speech data from the trisyllabic production task of Participant 01.
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In other words, the non-final part was deemed monosyllabic if no such long interval was

detected, otherwise, the non-final part was considered disyllabic.
2) Durations: The duration of the non-final part of each utterance was measured.

3) F3 values: The approximate trajectory of the F3 in the initial syllable’s rime of each
utterance was measured with the “To Formant (burg)” function in Praat. In order to achieve
more precise formant measurement, the formant ceiling was set at 5500 Hz for female
speakers, and 5000 Hz for male speakers. To capture the F3 curve, the duration of the initial
syllable’s rime was divided into five equal intervals (0-20%, 20—40%, 40-60%, 60—80%,
80—-100%), and the average F3 values were extracted for each interval. The overall average

F3 value of the initial syllable’s rime of each utterance was also extracted.

3.5.2.2.  Sentence production task

Data processing for the sentence production task was also conducted through a combination of
Praat scripts and manual annotation. The procedures, as well as corresponding Praat settings, were
largely identical to the trisyllabic production task (see Section 3.5.2.1). The non-final part of the
targeted trisyllabic location name in each utterance was manually marked out, measured for its
duration and the number of syllables it contains. F3 measurement was not conducted for this task as
the targeted location names were not controlled for the phonetic context of the swallowing-

triggering retroflex.
4. Results

Data analysis and visualization were conducted in R (R Core Team, 2025), with the ggplot2
package (Wickham, 2016) for visualization, and the /merTest package (Kuznetsova et al., 2017) for
regression analyses. Outliers were removed according to the 1.5 interquartile range (IQR) rule.
Namely, values more than 1.5 IQR below the first quartile (Q1) or above the third quartile (Q3)

were excluded from the dataset (Maini, 2025).
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4.1.  Partl: Trisyllabic production task

4.1.1.  Number of syllable(s) in non-final part of recorded utterances

Figure 7 presents a stacked bar plot illustrating the proportion of monosyllables and disyllables
in the non-final part of the recorded utterances under the “unswallowed” and “swallowed”
conditions. Corresponding descriptive statistics are provided in Table 7. The proportion of
monosyllables was higher under the “swallowed” condition (93%) than the “unswallowed”

condition (13%).

100%

75%

Syllable Type

50%

Proportion

25%

0%

unswallowed swallowed

Condition

Figure 7. Stacked bar plot showing the proportion of monosyllables and disyllables in the non-final
part under the “unswallowed” and “swallowed” conditions.

Table 7. Descriptive statistics of monosyllables and disyllables proportions in the non-final part
under “unswallowed” and “swallowed” conditions.

Condition n n n Prop. Prop.

(total) | (monosyllable) (disyllable) | (monosyllable) (disyllable)
Unswallowed 355 45 310 13% 87%
Swallowed 352 329 23 93% 7%

A generalized linear mixed-effects model was fitted to analyze the effect of condition
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(“unswallowed” vs. “swallowed”) on the proportion of monosyllables and disyllables in the non-
final part using the binomial family with a logit link function, with condition as the fixed effect. A
contrast coding scheme was applied to the condition variable, coded as “unswallowed =—1/2,
swallowed = +1/2”. Random intercepts were specified for both participants and tokens to account
for individual- and stimulus-specific variability. The R code for the model is provided in (11). The
results, as summarized in 7able 8, showed that the proportion of monosyllables is significantly
higher under the “swallowed” condition compared to the “unswallowed” condition (Estimate= -

5.45,SE=0.38,z=-14.16, p <.001).

(11) model <- glmer (num.syllables ~ condition + (1 | participant) + (1 | token), data = df,
family = binomial)®
Table 8. Summary of fixed effects in the generalized linear mixed-effects model on number of

syllables in the non-final portion of the trisyllabic sequences, grouped by condition (“unswallowed”
vs. “swallowed”). Signif. codes: 0 “***°(0.001 “*** 0.01 “** 0.05 . 0.1 *’ 1

Factor Estimate Std. | z-value | p-value | Sig.
Error

(Intercept) -0.39 0.31 -1.28 0.209

condition+Uns-Swa -5.45 0.38 -14.16 | <2e-16 | ***

4.1.2.  Durations of recorded utterances’ non-final part

Figure 8 presents violin plots with overlaid boxplots illustrating the distribution of the duration
of the non-final part of the recorded utterances under three experimental conditions (i.e.,
“unswallowed”, “swallowed”, and “rhotacized”). Outliers were removed according to the 1.5 IQR
rule per condition. Corresponding descriptive statistics are provided in Table 9. The average
duration is longest under the “unswallowed” condition (M = 0.405, SD = 0.084), followed by
“swallowed” (M = 0.236, SD = 0.076) and “rhotacized” (M = 0.234, SD = 0.081).

° To note, the model code presented in the results section is modified for the name of the data frame (renamed as “df”). The rest of
the code is identical to that in the original script.
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Figure 8. Violin plot with overlaid boxplot showing the distribution of non-final part durations
across conditions

Table 9. Descriptive statistics of non-final part durations (in seconds) by condition

Condition Mean SD Min Q1 | Median Q3| Max n
Unswallowed | 0.405 | 0.084 | 0.200 | 0.345 0.400 | 0.457 | 0.630 351
Swallowed 0.236 | 0.076 | 0.075| 0.178 0.226 | 0.286 | 0.445 357
Rhotacized 0.234 | 0.081 | 0.085| 0.174 0.229 | 0.280 | 0.458 353

A linear mixed-effects model was fitted to analyze the effect of condition on the non-final part
duration, with condition as the fixed effect. Forward difference coding was applied for the 3-level
variable condition with the contrasts shown in 7able 10, while the binary factor MoA was coded as
“fricative = —1/2, affricate = +1/2”. Random intercepts and slopes for condition and MoA were
specified for both participants and tokens to account for individual- and stimulus-specific

variability. The R code for the model is provided in (12).

(12) model <- lmer (dur.non.fin ~ condition + (1 + condition + MoA | participant) + (1 +

condition + MoA | token), data = df)

Table 10. Forward difference coding scheme for the 3-level variable condition

+Uns-Sw | +Sw-Rho
Unswallowed | 2/3 1/3
Swallowed -1/3 1/3
Rhotacized -1/3 -2/3
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The results, as summarized in Table 11, show that the “swallowed” condition has significantly
shorter duration compared to the “unswallowed” condition (Estimate= 0.17, SE =0.01,t=14.44, p
<.001), while the difference between the “swallowed” condition and the “rhotacized” condition is
not statistically significant (Estimate = -0.00, SE = 0.01, t=-0.01, p>.1).

Table 11. Summary of fixed effects in the linear mixed-effects model on non-final part duration.
Signif. codes: 0 “***>(0.001 “** 0.01 “** 0.05 0.1 *’ 1

Factor Estimate SE | t-value p-value Sig.
(Intercept) 0.30 0.02 18.95 1.26¢-14 oAk
condition+Uns-Sw | 0.17 0.01 14.44 1.47¢-10 oAk
condition+Sw-Rho | -0.00 0.01 -0.01 0.989

4.1.3. F3 values

1) F3 trajectories

The F3 trajectories in the initial syllable’s rime in the recorded utterances under the three
experimental conditions are illustrated in Figure 9, Figure 10, and Figure 11, grouped by gender
and the phonetic context of the swallowing-triggering retroflex (to note, the “rhotacized” condition
is only grouped by the vowel preceding the retroflex, instead of the combination of preceding and
following vowels, as the underlyingly middle syllable is absent in the surface form under this
condition). Outliers were also removed according to the 1.5 IQR rule per combination of condition,
context, gender and interval. Given the scope of the present study, these trajectories are included

only for illustrative purposes and to inform other analyses but were not examined in detail.
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a) Vowel before swallowing-triggering retroflex: /a/
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Figure 9. Averaged approximate F3 trajectories in the initial syllable’s rime, the swallowing-
triggering retroflex segment preceded by /a/, grouped by gender and the following vowel
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b) Vowel before swallowing-triggering retroflex: /i/
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Figure 10. Averaged approximate F3 trajectories in the initial syllable’s rime, the swallowing-
triggering retroflex segment preceded by /i/, grouped by gender and the following vowel
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¢) Vowel before swallowing-triggering retroflex: /u/
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Figure 11. Averaged approximate F3 trajectories in the initial syllable’s rime, the swallowing-
triggering retroflex segment preceded by /u/, grouped by gender and the following vowel
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2) Average F3 values

Since direct comparison of the formant trajectories is beyond the scope of the present analysis,
the F3 values in the initial syllable’s rime of the recorded utterances were analyzed using their mean

to examine the overall effect of “swallowing” and “rhotacization” on F3 value.

Figure 12 presents violin plots with overlaid boxplots illustrating the distribution of the average
F3 values of initial syllable’s rime across the three experimental conditions, grouped by gender and
phonetic context. Outliers were also removed according to the 1.5 IQR rule per combination of
gender, condition and context (the “rhotacized” condition was only grouped by the vowel preceding
the retroflex). The corresponding descriptive statistics, in the interest of space, are provided in
Appendix 3. In general, it can be observed that the “unswallowed” condition has the highest mean

F3 values, followed by “swallowed” and “rhotacized”.
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Figure 12. Violin plot with overlaid boxplot showing the distribution of average F3 values of initial
syllable’s rime across the three conditions, grouped by gender and phonetic context
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A linear mixed-effects model was fitted to analyze the effect of condition on the average F3
value of initial syllable’s rime, with condition as the fixed effect. Forward difference coding applied
for the 3-level variable condition was identical to that illustrated in Table 10. Random intercepts
and slopes for condition were specified for both participants and tokens to account for individual-
and stimulus-specific variability. The R code for the model is provided in (13). The models were

fitted separately for each combination of gender and context.

(13) model <- Imer(F3 ~ condition + (1 + condition| participant) + (1 + condition| token), data =

df)

The results, as summarized in Table 12, show that the “unswallowed” condition has
significantly higher average F3 values compared to the “swallowed” and “rhotacized” conditions
across both genders and all contexts. The average F3 values are also generally significantly higher
under the “swallowed” condition than “rhotacized”. The difference between these two conditions is
not statistically significant only under the “u_&” context for the female group (Estimate= 134.04,
SE=91.37,t=1.47,p > .1), and under “a_u” (Estimate=44.79, SE = 53.89,t=0.83, p > .1) and
“u_o” (Estimate= 54.81, SE =47.49,t=1.15, p > .1) contexts for the male group. These results are
consistent with the general patterns observed in the averaged F3 trajectories. (see Figure 9, Figure
10, and Figure 11).

Table 12. Summary of fixed effects in the linear mixed-effects model on average F3 value in initial

syllable rimes, grouped by gender and context. Signif. codes: 0 “****(0.001 “**>0.01 “** 0.05 *.’

0.1°’1
Gender | Context | Condition | Estimate | SE t-value p-value | Sig.
Female [a u Intercept | 2367.34 | 31.65 | 74.79 7.41e-11 oAk
Uns-Sw 169.68 68.57 |2.47 0.045 *
Sw-Rho 112.52 51.78 | 2.17 0.067
a o Intercept | 2388.31 | 37.30 | 64.02 7.79e-12 oAk
Uns-Sw 164.21 40.79 |4.03 0.000 ok
Sw-Rho 146.71 50.89 |2.88 0.021 *
iu Intercept | 2751.53 | 43.72 | 62.94 1.3e-11 oAk
Uns-Sw 545.56 118.34 | 4.61 0.002 *x
Sw-Rho 423.05 93.69 |4.52 0.004 *x
1o Intercept | 2749.96 | 42.94 | 64.05 3.07e-11 oAk
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Uns-Sw 592.22 120.95 | 4.90 0.002 ko
Sw-Rho 397.91 78.13 | 5.09 0.001 kokk

u_ Intercept | 2447.02 | 48.71 | 50.24 1.67e-09 | ***
Uns-Sw 346.33 80.02 |4.33 0.007 ko
Sw-Rho 282.84 86.66 | 3.26 0.011 *

u Intercept | 2411.81 | 65.21 |36.99 8.78e-12 | ***
Uns-Sw 538.30 108.75 | 4.95 0.002 ko
Sw-Rho 134.04 91.37 | 1.47 0.188

Male a Intercept | 2162.85 | 41.77 | 51.78 9.9e-11 oAk

Uns-Sw 250.43 45.77 | 5.47 0.00473
Sw-Rho 44.79 53.89 |0.83 0.442

a_ Intercept | 2156.44 | 36.99 | 58.30 6.86e-13 ook
Uns-Sw 192.23 45.80 |4.20 0.004 ko
Sw-Rho 64.27 28.85 |2.23 0.052

i Intercept | 2347.64 | 34.46 | 68.12 l.41e-11 kokk
Uns-Sw 594.73 51.77 | 11.49 0.000 kokk
Sw-Rho 230.95 46.24 | 5.00 0.003 ko

i Intercept | 2334.30 | 40.53 | 57.60 4.23e-13 ok
Uns-Sw 602.17 51.60 | 11.67 2.60e-06 | ***
Sw-Rho 206.45 4491 |4.60 0.002 ko

u_ Intercept | 2181.31 | 44.29 | 49.25 2.55e-10 oAk
Uns-Sw 471.72 83.51 |5.65 0.001 ok
Sw-Rho 209.92 80.48 |2.61 0.044 *

u Intercept | 2126.18 | 43.52 | 48.85 1.70e-14 oAk
Uns-Sw 615.17 91.77 |6.70 3.83e-05 | ***
Sw-Rho 54.81 4749 | 1.15 0.278

3) Effect of the vowel following the swallowing-triggering retroflex

This section examines the average F3 values in the initial syllable’s rime under the “swallowed”
condition, grouped by gender and the vowel following the swallowing-triggering retroflex. This is
to examine whether the vowel following the retroflex is fully elided during “swallowing” or leaves

acoustic traces on F3 value.

Figure 13 presents violin plots with overlaid boxplots illustrating the distribution of the average
F3 values in the initial syllable’s rime under the “swallowed” condition, grouped by gender and the

following vowel. Outliers were removed according to the 1.5 IQR rule per combination of gender
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and following vowel. Corresponding descriptive statistics are provided in Table 13. The average F3
is higher when the retroflex is followed by /u/ than followed by /2 for both genders. Specifically,
for the female group, the mean average F3 value is 2476.61 Hz when followed by /&-/ (SD =
333.26), while being 2520.60 Hz when followed by /u/ (SD = 327.95). For the male group, the
mean average F3 value is 2077.54 Hz when followed by /a/ (SD = 216.15), while being 2142.65 Hz
when followed by /u/ (SD = 202.83).

Female Male
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2000
1500
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Phon.after.retro Phon.after.retro

Figure 13. Violin plot with overlaid boxplot showing the distribution of average F3 values of initial
syllable rime under the “swallowed” condition, grouped by gender and the vowel following the
swallowing-triggering retroflex segment.

Table 13. Descriptive statistics of average F3 values of initial syllable rime (in Hz), grouped by
gender and following vowel

Gender | Follo Mean SD Min Q1| Median Q3 Max
wing
vowel

Female /o 2476.61 333.26 1825.70 | 2230.62 | 2421.08 | 2684.23 | 3245.60 | 84
/u/ 2520.60 327.95 1875.51 227448 | 2510.51 2744.81 | 3413.59 | 84

Male /o 2077.54 216.15 1560.59 1947.52 | 2090.75 2207.85 | 2583.99 | 95
/u/ 2142.65 202.83 1697.03 1993.15 | 2107.83 2259.71 | 2666.05| 94
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A linear mixed-effects model was fitted to analyze the effect of following vowel (/a+/ vs. /u/) on
average F3 values in the initial syllable’s rime under the “swallowed” condition. The fixed effect
was the following vowel, which was contrast coded as “o- =—1/2, u = +1/2”. Random intercepts for
both participants and tokens were specified. The R code for the model is provided in (14). The
models were fitted separately for each gender. The results are summarized in 7Table 14. The effect
of following vowel on F3 was not statistically significant for both genders (Female: Estimate =

43.98, SE=77.63,t=0.57, p=> .01; Male: Estimate = 67.67, SE =47.26,t=1.43, p > .01).

(14) model <- Imer (F3 ~ phon.after.retro + (1 | participant) + (1 | token), data = df)

Table 14. Summary of fixed effects in the linear mixed-effects model on average F3 value in initial
syllable rimes under “swallowed” condition, grouped by gender and following vowel. Signif. codes:
0 “***0.001 “***0.01 “*> 0.05°.70.1 “* 1

Gender | Factor Estimate | SE t- p-value Sig.
value
Female | (Intercept) 2498.61 | 58.32 | 42.846 | 5.76e-14 oAk
/& - u/ 43.98 77.63 |0.567 | 0.577
Male (Intercept) 2112.76 | 50.45 |41.880 | 1.19¢-12 oAk
/& - lu/ 67.67 47.26 | 1.432 |0.166

However, as shown in Figure 9, Figure 10, and Figure 11, the formant trajectories under the
“swallowed” condition exhibit noticeable differences when followed by different vowels.
Therefore, the effect of the following vowel on the average F3 value in the 60—80% time interval of
the initial syllable’s rime under the “swallowed” condition was further analyzed. The 60-80%
interval was selected because the F3 trajectories show the clearest visual distinction between the

two following vowels across almost all contexts for both genders in this portion.

Figure 14 presents violin plots with overlaid boxplots illustrating the distribution the average F3
values in the 60-80% time interval of the initial syllable’s rime under the “swallowed” condition,
grouped by gender, preceding vowel and following vowel. Outliers were removed according to the
1.5 IQR rule per combination of gender and context. In the interest of space, corresponding

descriptive statistics are provided in Appendix 3. Overall, the average F3 value in this interval is
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higher when followed by /u/ than by /o-/ for both genders across nearly all contexts, except when

preceded by /a/ in the male group.
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Figure 14. Violin plot with overlaid boxplot showing the distribution of average F3 values in the
60-80% time interval of initial syllable’s rime under the “swallowed” condition, grouped by gender,
preceding vowel and following vowel

A linear mixed-effects model was fitted to analyze the effect of following vowel (/o/ vs. /u/) on
average F3 values in the 60-80% time interval under the “swallowed” condition. The model and
contrast coding were identical to those used for the overall average F3 analysis (see above). The
models were fitted separately per combination of gender and preceding vowel. The results are
summarized in 7able 15. For female speakers, the following vowel /u/ significantly increased the F3
value (Estimate = 224.00, SE = 58.23, t = 3.85, p <.001) compared to /a/ when the preceding

vowel is /i/. For male speakers, the following vowel /u/ significantly increased the F3 value
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compared to /o-/ when the preceding vowel is either /i/ (Estimate = 112.24, SE=41.33,t=2.72,p
<.01) or /u/ (Estimate =273.17, SE = 81.26, t = 3.36, p < .05).
Table 15. Summary of fixed effects in the linear mixed-effects model on average F3 value in initial

syllable rimes under “swallowed” condition in the 60-80% time interval, grouped by gender,
preceding vowel and following vowel. Signif. codes: 0 “***”(0.001 “**’ 0.01 “*> 0.05 . 0.1 < 1

Gender | Preceding | Factor Estimate SE | t-value | p-value | Sig.
vowel
Female | /a/ (Intercept) 218991 |52.19 41.96 1.27e-06 | ***
/o - I/ 104.74 94.40 1.11 0.307
i/ (Intercept) 2359.78 | 92.77 25.44 2.49e-07 | ***
/o -/ 224.00 58.23 3.85 0.000 ok
/u/ (Intercept) 2188.49 | 75.77 28.88 4.22e-08 | ***
/o - I/ 134.63 104.05 | 1.29 0.242
Male /al (Intercept) 1822.64 | 21.49 84.83 <2e-16 oAk
/o -/ -40.30 4297 | -0.94 0.353
i/ (Intercept) 1996.51 | 31.55 63.28 9.05e-11 | ***
/o - ha/ 112.24 41.33 2.72 0.009 **
/ (Intercept) 1853.86 | 53.53 34.63 3.71e-10 | ***
/o -/ 273.17 81.26 |3.36 0.015 *

4.2.  Part 2: Sentence production task

4.2.1.  Number of syllable(s) in the non-final part of the targeted location names

Figure 15 presents a stacked bar plot illustrating the proportion of monosyllables and
disyllables in the non-final part of the targeted location names under the four conditions.
Corresponding descriptive statistics are provided in Table 16. The proportion of monosyllables was
lowest under the “unswallowed” condition (26%), followed by “very solw” (44%), “slow” (52%)

and “normal” (73%).
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Figure 15. Stacked bar plot showing the proportion of monosyllables and disyllables in the non-
final part of the targeted location names across the four experimental conditions

Table 16. Descriptive statistics of monosyllables and disyllables proportions in the non-final part of
the targeted location names under the four conditions.

Condition n n n Prop. Prop.

(total) | (monosyllable) | (disyllable) (monosyllable) | (disyllable)
Unswallowed 148 38 110 26% 74%
Normal 148 108 40 73% 27%
Slow 149 78 71 52% 48%
Very slow 150 66 84 44% 56%

A generalized linear mixed-effects model was fitted to analyze the effect of speech rate on the

proportion of monosyllables and disyllables in the non-final part using the binomial family with a

logit link function, with condition as the fixed effect. The default treatment coding scheme of the

Imertest package was applied to the variable condition. Random intercepts were specified for both

participants and tokens to account for individual- and stimulus-specific variability. The R code for

the model is provided in (15). The results , as summarized in 7able 17, showed that the proportion

of monosyllables is significantly lower under the “unswallowed” condition compared to the
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“normal” (Estimate=-2.62, SE = 0.31, -8.40, p <.001), “slow” (Estimate= -1.46, SE =0.29, z = -

5.13, p <.001) and “very slow” (Estimate=-1.04, SE = 0.28, 3.69, p <.001) conditions.

(15) model <- glmer (num.syllables ~ condition + (1 | participant) + (1| token), data = df, family
= binomial)

Table 17. Summary of fixed effects in the generalized linear mixed-effects model on number of

syllables in the non-final portion of the trisyllabic sequences, grouped by condition. Signif. codes:
0 “***0.001 “***0.01 “*> 0.05°.70.1 °* 1

Condition | Estimate SE | z-value | p-value | Sig.
(Intercept) 1.37 | 0.414 3.30 | 0.0009 | **x*
Normal -2.62 | 0.31 -8.40 | <2e-16 | ***
Slow -1.46 | 0.29 -5.13 | 2.95e-07 | ***
Very slow -1.04 | 0.28 -3.69 0.000 | ***

4.2.2.  Durations of the non-final part of the targeted location names

Figure 16 presents violin plots with overlaid boxplots illustrating the distribution of non-final
part durations of the targeted location name in the recorded sentences across the four experimental
conditions (i.e., “unswallowed”, “normal”, “slow” and “very slow”). Outliers were removed
according to the 1.5 interquartile range (IQR) rule per condition. Corresponding descriptive
statistics are provided in 7able 18. The average duration is longest under the “unswallowed”
condition (M = 0.360, SD = 0.070), followed by “very slow” (M = 0.353, SD = 0.089), “slow” (M =
0.302, SD = 0.066) and “normal” (M = 0.235, SD = 0.054).
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Figure 16. Violin plot with overlaid boxplot showing the distribution of non-final part durations of

Table 18. Descriptive statistics of non-final part durations of the targeted location names (in

unswallowed

norma

Condition

VY

very slow

the targeted location names across the four conditions.

seconds) by condition

Condition Mean SD Min Q1 | Median Q3 | Max n
Unswallowed | 0.360 | 0.070 | 0.223 | 0.300 0.352 | 0.402 | 0.535| 148
Normal 0.235| 0.054 | 0.138 | 0.193 0.232| 0.268 | 0.365| 147
Slow 0.302 | 0.066 | 0.173 | 0.255 0.289 | 0.353 | 0.497 | 142
Very slow 0.353 | 0.089 | 0.119 | 0.292 0.344 | 0.400 | 0.608 | 142

A linear mixed-effects model was fitted to analyze the effect of condition on the durations of
non-final-syllable portion of the trisyllabic sequences, with condition as the fixed effect. The default
treatment coding scheme of the /mertest package was applied to the variable condition. Random

intercepts and slopes for condition were specified for both participants and tokens. The R code for

the model is provided in (16).

(16) model <- Imer (dur.non.fin ~ condition + (1 + condition | participant) + (1 + condition |

token), data = df)

The results , as summarized in Table 19, showed that the “unswallowed” condition has

significantly longer duration than the “normal” condition (Estimate =-0.12, SE = 0.01,t=-13.52, p

<.001) and significantly longer duration than the “slow” condition (Estimate = -0.05, SE =0.01, t =
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-5.00, p <.001). In contrast, the “unswallowed” condition has shorter duration than the “very slow’
condition, but the difference is not statistically significant (Estimate = 0.01, SE = 0.02, t = 0.28, p
=0.780).

Table 19. Summary of fixed effects in the linear mixed-effects model on non-final part duration.

Signif. codes: 0 “***>(0.001 “**’ 0.01 “** 0.05 0.1 *’ 1

Condition | Estimate | SE | t-value | p-value | Sig.
(Intercept) 0.36 | 0.02 | 23.06 | 3.46e-15 | ***
Normal -0.12 1 0.01 | -13.52 | 1.72e-09 | ***
Slow -0.05 | 0.01 -5.00 0.000 | ***
Very Slow 0.01 | 0.02 0.28 0.780

5. Discussion

5.1. Summary of results and answering the research questions

Several acoustic patterns associated with retroflex-triggered “Beijing Swallowing” were
identified in the trisyllabic production task. The results suggest that retroflex-triggered
“swallowing” in native speakers of Beijing Mandarin involves merging the syllable that contains
the retroflex and its preceding syllable into one while reducing their overall duration, as well as
lowering the average F3 in the syllable rime preceding the retroflex. Comparison between the
“swallowed” and “rhotacized” realizations suggest that, while syllable-final rhotacization and
retroflex “swallowing” behave similarly in terms of syllable merger, duration reduction, and F3
lowering, syllable-final rhotacization decreases the average F3 of the rime even further than
retroflex “swallowing” in Beijing Mandarin. This acoustic difference suggests that the two
processes should not be treated as equivalent. Furthermore, the vowel following the swallowing-
triggering retroflex was found to leave detectable acoustic trace in the F3 value of the rime
preceding the retroflex after “swallowing”, suggesting that the rime following the retroflex is not

fully dropped during this process.

The results from the sentence production task indicate that, while the frequency of Beijing

speakers’ “swallowing” behavior is still influenced by speech rate, acoustic cues associated with
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retroflex “swallowing” can be observed in slow, and even occasionally in very slow speech. This
suggests that, although “Beijing Swallowing” is clearly not yet fully phonologized, it may be
undergoing a process of phonologization, challenging Han’s view (2024) that the process is fully

phonetic.

5.2.  Limitations

Several limitations can be identified in the present study:

The participant group of the current study may not be sufficiently representative for a broader
population, limiting the generalizability of the results. Critically, the sample size of 15 participants
is too small compared to the whole Beijing Mandarin speaking population, which might be in
millions®. Since all participants included in the final analysis were educated at college level or
above, their speech may be more influenced by Standard Mandarin, as Standard Mandarin is
predominantly used in education according China’s language policy (Ingebretson, 2025). The age
distribution within the current sample group is also notably uneven. 11 out of the 15 participants
were between 18 and 25 years old, with an overall mean age of just 28.6 and maximum age of 44.

Consequently, the results might be more representative of the younger generation.

Since it is hard to construct minimal pairs that contrasts only in the rime of the middle syllable,
the coarticulatory effect from the onset of the final syllable was not fully controlled for in the analysis
on the effect of the vowel following the retroflex on the rime in the initial syllable. For instance, the
sequences “F- 1R |tuS!. 335, njan®’| and “iE 5 N |tu’S. su®S. 7on¥| were considered a comparable
pair, as the non-final part (marked with bold and underline) contrasts only in the rime of the middle
syllable in the underlying and “unswallowed” forms. However, in the “swallowed” and “rhotacized”
forms (presumably realized as [tu’! njan®] and [tuy®>. zon* ] under both conditions), the onset of
the final syllable, in this case, /n/ and /7/, directly precedes the initial syllable’s rime. A study by

Delvaux et al. (2002) on French nasal vowels found that nasalization has a notable effect on F3, not

® To the author’s knowledge, there are no existing data on the number of native Beijing speakers. However, considering the
permanent residents in Beijing exceeded 20 million in 2023

(https://www .beijing.gov.cn/renwen/bjgk/rk/rktj/202403/t20240322_3597338.html), this estimation is unlikely to be over-
exaggerated.
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necessarily on formant value but formant amplitudes. Nonetheless, while the direction of the effect
is not clear, this implies potential coarticulation not accounted for in the current design, which might

affect the validity of the results.

The effect of word frequency was also not accounted for in the current design. Although the
stimuli used in both parts of the experiment were generally familiar, high-frequency trisyllabic
sequences, there were still differences in their usage frequency that could have influenced
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participants’ “swallowing” behavior. For example, some sequences in the trisyllabic production
task, such as “it £ 5 [ti35. so°!. kao™| (‘disco’) and “Hb T 427 |ti5). tsu?'4. pho¥d| (‘landlady’,
typically used in historical contexts), may be perceived as more “old-fashioned” and could be more
familiar to older speakers than to younger ones. As a result, older speakers might find these words
easier to “swallow”. Two of the participants (Participants 05 and 06) also reported after completing
the experiment that they noticed their familiarity with certain location names significantly
influenced their “swallowing” behavior during the sentence production task. Specifically, they

noted being more likely to “swallow” a name if they frequently encountered and used it in its

“swallowed” form in everyday speech.

In terms of methodological limitations, duration reduction may not be a good indicator for
“swallowing” in the sentence production task, as speech rate itself fundamentally affects the
duration of an utterance. Moreover, the method used for calculating the number of syllables in the
non-final part of recorded utterances might be of limited validity. While the non-final part of
surface “unswallowed” realizations was expected to be 100% disyllabic, only 87% were identified
as disyllabic in the trisyllabic production task, and 74% in the sentence production task (see Figure
7 & Figure 15). This might suggest that syllable merger at Window I (Wee, 2014, see Figure 1 &
Figure 2) could also occur in “unswallowed” speech, presumably due to the “medium-weak-strong”
prosodic structure of Mandarin (Chao, 2005; Yan & Lin, 1988; Wang & Wang, 1993; as cited in
Han, 2024). However, the possibility that the current method tends to underestimate the proportion
of monosyllabic realizations should also be considered. Namely, some “swallowed” cases may have

been identified as “unswallowed” in the sentence production task. One possible reason for this is
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that the method was originally developed based on speech data from the trisyllabic production task
of a single participant (Participant 01). Therefore, its generalizability to other participants and to the
sentence production task is limited. Alternative syllable boundary detection methods, such as the
“Mark regions by syllables...” function from the Praat Vocal Toolkit (Corretge, 2024), were also

tested but found to have limited precision.

5.3.  Is there actually phonologization going on?

Aside from the methodological limitations addressed above, the most important issue to discuss
is how sufficiently the results of the current study prove the phonologization of retroflex-triggered
“swallowing”. While the results are not contradictory to the potential phonologization of the

process, they cannot be taken as conclusive evidence of phonologization.

The method used to test the presence of phonologization, namely, the speech rate method
proposed by Solé (1994), is of limited validity compared to other criteria established by other
studies briefly discussed in Section 2.3. The acoustic features associated with retroflex
“swallowing” identified in the current study, especially the consistent lowering of the F3 in the rime
preceding the retroflex, could be linked to the criterion of categoricality / discreteness for
phonologization (Shahin, 2011). Namely, if this F3 lowering pattern can be consistently found in
the rime preceding a retroflex obstruent in a swallowing-eliciting context across different items,
speakers, and contexts, this could suggest that retroflex “swallowing” is controlled by speakers on a
more phonological level. Although participants’ trisyllabic production in the current study exhibits
certain patterns hinting at categoricality (i.e., consistent F3 drop), due to the highly controlled
nature of the task, in which speakers are intentionally targeting “swallowing”, the results could not
be used as indicators of phonologization. Formant analysis was also not conducted for the more
natural-speech like sentence production task. This is because the phonetic context surrounding the
retroflex was not controlled for due to lexical constraints. Furthermore, item- and participant-
specific variation should also be analyzed to examine whether retroflex “swallowing” meets the

categoricality / discreteness criteria, which was beyond the scope of the current study.
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Furthermore, Yu (2021) proposed an individual-difference perspective on phonologization.
According to Yu, phonologization is not necessarily gradient and accumulative, but rather
represents different speakers’ linguistic knowledge. Namely, if some speakers consistently produce
and control a phonetic variant, this can indicate phonologization is at least occurring for these
individuals. Considering this, analyzing the individual variance in participants’ swallowing
realizations may shed some light of the investigation on phonologization. It was noticed during the
experiment that some participants, especially younger ones, were less affected by the usage
frequency of stimuli and maintained relatively stable “swallowing” realizations across utterances,
while others reported finding less frequent words hard to “swallow”. This, although being an
informal observation, might reflect potential difference in these participants’ knowledge of retroflex
“swallowing”. However, restricted by the timeframe, the individual-level analysis was not included

in the current study.

The ultimate goal to achieve through analyzing the phonologization of “Beijing Swallowing”,
ideally, is to provide a possible theoretical framework to account for the conditioning factors behind
the seemingly unsystematic “swallowing” patterns and sub-patterns identified in Han (2024). The
author of the current thesis hypothesizes that, while “Beijing Swallowing” originates from a single
phonetic process driven by speech rate and articulatory economy, it may have diverged into
multiple processes over the past decades, reflecting different degrees of phonologization. This
might explain the significance of retroflex “swallowing” among all “swallowing” processes, as
retroflexion demands greater articulatory effort compared to other segments (e.g., Malghani et al,
2022), causing retroflex to be more frequently and consistently “swallowed”, leading to a higher

degree of phonologization.

5.4.  Suggestions for future study

Based on the findings of the present study and the limitations addressed above, several
suggestions can be proposed for future research on “Beijing Swallowing”. Since the current study is
limited to read speech, which may not be fully representative for Beijing speakers’ natural

“swallowing” behavior, it is suggested that further study targeting spontaneous speech should be
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carried out. The investigation should also be expanded to other acoustic properties, for instance
pitch, in order to capture the suprasegmental features of “swallowing” like its effect on tone
realization, as well as “swallowing” triggered by other segments. With a longer timeframe,
employing alternative methods for syllable boundary detection is recommended to improve the
validity of the results, for instance, using intensity instead of glottal pulses for syllable boundary
detection. Other more conclusive criterion for phonologization should also be employed, especially
the categoricality / discreteness criteria. Moreover, item- and participant-specific variation in
retroflex “swallowing” should also be analyzed, in light of Yu’s (2021) individual-difference

perspective on phonologization.

6. Conclusion

The current study provided a preliminarily acoustic profile of retroflex-triggered “Sound
Swallowing” in familiar trisyllabic sequences in Beijing Mandarin. Several acoustic patterns
associated with the process were identified, including merging the weak syllable that contains the
swallowing-triggering retroflex onset and its preceding syllable into one and reducing their overall
duration, while lowering the average F3 value of the rime preceding the retroflex. Furthermore,
results suggest that the retroflex pattern reported in previous studies, namely, the syllable rime
preceding the retroflex takes on a final [1], and the syllable containing the retroflex gets fully elided,
is not accurate. Rather, syllable-final rhotacization and retroflex “swallowing” in Beijing Mandarin

should be treated as two distinct processes.

The investigation on the relationship between speech rate and the frequency of “swallowing”
indicated that, although still sensitive to speech rate, acoustic characteristics associated with
retroflex “swallowing” identified in the trisyllabic production task can be found in slow, and even
occasionally in very slow speech. Although not conclusive, this suggests that retroflex-triggered

“Beijing Swallowing” might be undergoing phonologization.
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Appendix 1: Demographic profile of participants

Participant | Age | Gender | Family Highest Knowledge | Knowledge in

background education in other other
Mandarin | languages
variants

01 20 Female | Two Beijing Undergraduate | None English
parents

02 19 Female | No Beijing Undergraduate | None English
parents

03 25 Male One Beijing Postgraduate | None English
parent

04 20 Female | One Beijing Undergraduate | None English,
parent Korean

05 24 Male Two Beijing Postgraduate | None English
parents

06 24 Male One Beijing Postgraduate | Shandong English
parent dialect

07 18 Male No Beijing Undergraduate | None English
parents

08 42 Male Two Beijing Undergraduate | None English
parents

09 44 Female | Two Beijing Undergraduate | Henan English
parents dialect

10 43 Male Two Beijing Undergraduate | Sichuan English
parents dialect

11 37 Female | Two Beijing Undergraduate | None English
parents

12 44 Female | Two Beijing Technical None English
parents college

137 79 Male Two Beijing Highschool None None
parents

14 24 Female | Two Beijing Postgraduate | None English,
parents Korean

15 20 Male Two Beijing Undergraduate | None English,
parents German

16 25 Male Two Beijing Undergraduate | None English
parents

" Excluded from analysis (see Footnote 3).
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Appendix 2: Stimuli

Part 1: Trisyllabic production task

Experimant stimuli:

52

Vowel Vowel
Stimulus | Gloss Transcription MoA of before after
retroflex
retroflex | retroflex
1 | J\FJL | ‘Eighty-nine’. |ba>. s0-3%. tejou?!¥| fricative | /a/ /o
2 | J\R¥ | ‘Eight dogs’ Ibas. tso-53. kou?!4| affricate | /a/ fo/
3 | RIWg | ‘Master level’ [ta®!. 5%, tei| fricative | /a/ /o]
4 | FTEEK | ‘Cast a straight ball’ [ta?!4, tso35. tehjouS| | affricate | /a/ /o]
5 | FaflE | Location name 6%, g%, ku’!| fricative | /i/ /o]
6 | PEEI] | Location name |6i%3. tso35. mon| affricate | /i/ o/
7 |idE | ‘Disco’ |ti3. 5o, kav™)| fricative | /i/ /o/
8 | HuFiEE | ‘Geological hammer’ ti%!, tsoL. ts"wer®’| affricate | /i/ /o]
9 | A% | ‘Cannot count’ Iphu!. s23°. su’!| fricative | /u/ o/
10 | A%17E | ‘Do not know’ Ipud!. tso*. tav| affricate | /u/ /o
11 | #4248 | A fictional character tu’!. s0*°. njan™| fricative | /u/ /o]
12 | #HR5E | ‘Malfeasance’ |tus. {525, tswer!| affricate | /u/ hu/
13 | B%3% | ‘Sichuan cuisine’ [pa®. su?'4. tshar’!| fricative | /a/ hu/
14 | HEZH | ‘Dominant level’ pas!. tsu?!4. teis| affricate | /a/ ha/
15 | KM | ‘Big tree root’ |ta’!. su’!. kon™| fricative | /a/ hu/
16 | KREH | ‘Chief manager’ [ta!. tsu?!4. kwan?!4| affricate | /a/ M/
17 | Yefl | ‘Toiletry bag’ |ei?!. su!. pav®’| fricative | /i/ hu/
18 | fEE | ‘Suckit’ |6i%3. tsu’l. thas| affricate | /i/ ha/
19 | #iF | ‘Groundhog burrow’ |ti°L. su?!'. top’!] fricative | /i/ lu/
20 | #iEZ | ‘Landlady’ [ti51. fsu2!4. pho| affricate | /i/ h/
21 | ANJET | ‘Does not belong to’ Ipu’l. su?'4. v fricative | /u/ hu/
22 | AVERE | ‘Not paying attention’ | [pu’’. tsu’'. i%!| affricate | /u/ h/
23 | #H N | ‘Literate person’ |tu®>. su®. zon®| fricative | /u/ hu/
24 | T | ‘Blockit’ [tu2!4, tsu’!. tha| affricate | /u/ h/
- Training stimuli:
Stimuli | Gloss Transcription

1 Pa% 3k | ‘Location name’ |ei®®. ky>L. tsan’!|

2 HALE | ‘TV station (location name)’ | [tjen®!. s, thar®|

3 1313 | ‘Location name’ s, tsha’!. xar?!d|




Part 2: Sentence production task

Experimant stimuli:

Person | Transcription | Location name Transcription
name (targeted)
1 | &4 1214, xon®)| Pa At |ei®>. $2°°. ku’!|
2 | B lwan?>. fan®| PHEL] |6i%3. ts0-33. mon®|
3 | 5KIN |tsan>3. 1i%!] BRI Ifu’!. sh¥n. mon?d)|
4 | XIEE | jou®. tem’!| FRK IR |tei®s. swer?!4, than™?|
5 | B | |isav’l. lip®| SN |tshar®!. so°!. khou?!|
6 | Z=H 1214, min™| FEARIE Imer?'4, su’!. kwan?!4|
7 | E5r | wag®. tehjan®d| | AR 5033, sha®!. xar2!|
8 | 7KH ltsan®®. jop?4 | AT tx35. s¥p°!. mon®|
9 | Xiff: lljou™. wer?!| H A i [par®s. so-°°. tehjau’’|
10 | BXHI tsao’!. kan®® | | KTHTE ltxp3. 5oL, khou?!4|
- Training stimuli:
Person | Transcription | Location | Transcription
name name
1 | 24 1214, xop™®)| PO | |ei®. kOl tsan’!|
2 | Xiff lljou™. wer?!| HALE | [ten®'. sol. thar®)|
3 | E% lwan?. fan™| AN | 5o, tsha’l. xar?!¥|
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Appendix 3: Descriptive statistics on average F3 values in initial syllable’s rime

Overall average F3 values of initial syllable’s rime:

Gender | Phon.before Condition Mean | SD | Min| Q1 | Median| Q3 | Max | n
unswallowed | 2521 | 162 | 2165 | 2405 2528 | 2646 | 2873 | 28

swallowed 23551 199 | 2036 | 2240 2319 | 2507 | 2817 | 26

rhotacized 2236 | 143 | 1955|2118 2235 | 2356 | 2495 | 56

el unswallowed | 2543 | 173 | 2108 | 2485 2552 | 2666 | 2879 | 28
swallowed 2371 | 219 | 2017 | 2242 2368 | 2440 | 2865 | 26

rhotacized 2236 | 143 | 1955|2118 2235 | 2356 | 2495 | 56

unswallowed | 3254 | 187 | 2833 | 3130 3220 | 3416 | 3573 | 28

swallowed 2696 | 274 | 2169 | 2561 2699 | 2909 | 3267 | 27

Female | /i rhotacized 2289 | 153 | 1979 | 2175 2301 | 2405 | 2669 | 55
unswallowed | 3264 | 205 | 2895 | 3139 3295 | 3390 | 3766 | 26

swallowed 2669 | 265 | 2191 | 2538 2660 | 2833 | 3193 | 28

rhotacized 2289 | 153 | 1979 | 2175 2301 | 2405 | 2669 | 55

unswallowed | 2780 | 198 | 2443 | 2627 2793 | 2870 | 3169 | 28

swallowed 2438 | 331 | 1876 | 2179 2440 | 2690 | 3115 | 28

rhotacized 2143 | 211 | 1702 | 1988 2096 | 2294 | 2630 | 56

/u/ unswallowed | 2826 | 201 | 2522 | 2649 2802 | 2969 | 3165 | 28
swallowed 2338 | 358 | 1826 | 2103 2222 | 2578 | 3154 | 28

rhotacized 2143 | 211 | 1702 | 1988 2096 | 2294 | 2630 | 56

unswallowed | 2344 | 157 | 2072 | 2220 2332 | 2457 | 2635 | 32

swallowed 2085 | 162 | 1788 | 1989 2020 | 2163 | 2440 | 29

rhotacized 2050 | 135 | 1757 | 1963 2024 | 2135|2381 | 64

o unswallowed | 2306 | 133 | 2091 | 2209 2295 | 2397 | 2588 | 31
swallowed 2106 | 170 | 1840 | 1984 2086 | 2214 | 2499 | 31

Male rhotacized 2050 | 135 | 1757 | 1963 2024 | 2135|2381 | 64
unswallowed | 2834 | 128 | 2527 | 2788 2842 | 2881 | 3076 | 28

Y swallowed 2210 | 178 | 1860 | 2070 2214 | 2325|2666 | 31
rhotacized 1995 | 134 | 1690 | 1895 2003 | 2087 | 2314 | 61

unswallowed | 2800 | 124 | 2524 | 2728 2811 | 2884 | 3017 | 29
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swallowed 2214 | 189 | 1870 | 2096 2176 | 2286 | 2676 | 32
rhotacized 1995 | 134 | 1690 | 1895 2003 | 2087 | 2314 | 61
unswallowed | 2565 | 181 | 2334 | 2395 2549 | 2711 | 2957 | 32
u swallowed 2100 | 214 | 1697 | 1929 2095 | 2201 | 2588 | 32
rhotacized 1885 | 188 | 1536 | 1737 1846 | 1977 | 2317 | 63
w unswallowed | 2554 | 205 | 2192 | 2408 2495 | 2705 | 3017 | 32
o swallowed 1947 | 211 | 1561 | 1777 1937 | 2131 | 2322 | 32
rhotacized 1885 | 188 | 1536 | 1737 1846 | 1977 | 2317 | 63
o Overall average F3 values of initial syllable’s rime in the 60-80% interval:
Vowel Vowel
Gender | before after Mean | SD Min | Q1 Median | Q3 Max |n
retroflex retroflex
o/ 2139 | 242 1825 | 1977 2067 | 2247 | 2736 | 25
/a/ /u/ 2241 | 385| 1703 | 1949 2188 | 2386 | 3353 | 26
Female | A/ o/ 2242 | 339 | 1594 | 2035 2235 | 2515\ 2829 | 27
/u/ 2481 | 257| 2013 | 2358 2512 | 2562 | 2994 | 25
ol o/ 2109 | 318 | 1707 | 1892 2048 | 2238 | 3064 | 26
/u/ 2259 | 350 | 1687 | 2002 2190 | 2565 | 3138 | 27
o/ 1843 155 1638 | 1743 1815 | 1908 | 2217 | 30
/a/ /u/ 1802 | 166 | 1541 | 1699 1788 | 1903 | 2210 | 26
Male oy o/ 1939 | 105| 1765 | 1856 1939 | 2021 | 2142 | 29
/u/ 2054 | 217| 1635 | 1888 2004 | 2182 | 2620 | 31
o/ 1716 | 161 | 1309 | 1619 1684 | 1819 | 2142 | 30
w /u/ 1990 | 293 | 1453 | 1799 1980 | 2201 | 2611 | 32
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Appendix 4: Information brochure and consent form (with English translation)

mAEREMEH
BIRIE: WAIREFEHEHRU— —REEE T HFEHER

i, BRZEMPTRHHE (RALSEEFE SR/ ——REETE A FER) o Z0H SR R AT
R E S RAARVERIEEAE T AT, Benders fI¥UIR 16T FEAT. EWFTITIRZAT, WEAFARREEAS RS, T
RERRAE G EEHI

B H
AW FEIEAL S PO A B IR F IR, BIFE PRI S R (UL S 1 DP9l R B A AN TS
RELH (CREFNE LGN, WIOEIET zh chy sh) o

Z5FER

PAVEAEFR S AR RHE S . S 5FHNAT A, U ERRZ AT 22 18 2. WATB K R ESRAT M
FRERZ IV IEAE SRS PR B LR B O FRehG . fESKIRES A, BRIRS — R TRINER. . ZESESER. dFa
%A B F 4 .

LR
SRR 22 s A P AT . OIS ARAE ST, THIHTACE — & MacBook 2104, HTR/ZRIEE. AT 5HAHES. Stk
A SN A RebE A, SRt AL kRG]

BN RRF NS, A (SR B
1. FREATEYIE: LU LR RAERGAL, ARE R SRRSO S, %
SR 20-30 404
2. T L OUREE BRI R — BRIV, AT 1520 44,
BRI R CZE 1 /NI LR
HEZS
ARBF SR A RS SHEN, EOEEM RATT Db L5, RAr R R RR R, g e s Rk FATE
i CUCRRVORMS SRR AN (A 80R CAME LA, WEEMG, FATREHEA k.
RS 517
ARBF SR SR A3 AR AR . DU BIBF AR, 255 AR S RE R /. BT T

AW TENG IR TUEORES -

HE R R 5 A
PR IE BT AT E T, AREATTDEPEENEMDIAGEE . REBASE TR ek nEss
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i, HESMAEEDIT. RARNRRERMEIXLE R . EANEBIRRRE T4E, RE A BER AR L5 R

RTFHRARS BB
A RBER R AN AR T AR GEFIEER RS2 61)  (GDPRO T IR B S AR

Tt o 48 R 1Bt
s IR, AR LAENT FU 58 BUE A AL — it FU 45 R A 2

BRARATR
WL TRTH WA, EECR:
o Kifif

Fiif: +31 638970564

6 : yuying.zhu@student.uva.nl

Hihik: Spuistraat 134, 1012VB BiTUSEHRPF, i 22
e  A.T. Benders BI#IEZ (F5 AU

Fif: +31 (0)205250000

ME46: a.t.benders@uva.nl

Hihik: Spuistraat 134, 1012VB FiUSEHEPF, 22

UAES AHI FEATAEARTHEVR, AT IR AR BT AR P K22 NSO e A B 2 0 2 Bk

IE%E: commissie-ethiek-fgw@uva.nl

Hbdik: Binnengasthuisstraat 9, 1012 ZA iR P, i 2%
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Information brochure for

Investigating the Phonologization of “Sound Swallowing” in Beijing Mandarin: Acoustic Evidence from Retroflex Segments

Dear participant,

You will be taking part in the research project Investigating the Phonologization of “Sound Swallowing” in Beijing Mandarin: Acoustic
Evidence from Retroflex Segments conducted by Yuying Zhu under supervision of Dr. A.T. Benders at the University of Amsterdam,
Faculty of Humanities. Before the research project can begin, it is important that you read about the procedures we will be applying.

Make sure to read this brochure carefully.

Purpose of the research project
This project investigates a phenomenon in Beijing Mandarin known as “Tunyin (Beijing Swallowing)”, where certain sounds seem to
disappear or get “swallowed” in fast or casual speech. The focus is on a specific group of sounds that involve curling the tongue back

(e.g., zh, ch and sh in Mandarin).

Who can take part in this research?

We are inviting adult native speakers of Beijing Mandarin to participate in this research. All participants should be born in Beijing and
raised and educated there until at least the age of 18. We also need to make sure that you do not, to the best of your knowledge, have
any physical or cognitive conditions that might affect your performances in the experimental tasks. After participating in the experiment,

you will be asked to fill out a questionnaire about your age, gender, family background, language background, education, etc.

Instructions and procedure
During the experiment, you will be seated in front of a desk in a quiet room, with a MacBook laptop on the desk for displaying
stimulus sequences or sentences as well as corresponding instructions. An experimenter will be present throughout the session to
guide you and provide necessary verbal instructions.
The entire procedure will consist of two main components. You will be recorded in both parts of the experiment.

1. Word/ sequence production task: You will be asked to read out a list of words or phrases displayed on the screen at

varying conditions (i.e., “swallowed”, “un-swallowed” or “rhotacized”). This will take about 20-30 minutes.
2. Sentence production task: You will be asked to read out a list of sentences displayed on the screen at varying speaking

rates. This will take about 15-20 minutes.

The entire session is expected to last less than an hour.

Voluntary participation

You will be participating in this research project on a voluntary basis. This means you are free to stop taking part at any stage. This
will not have any consequences and you will not be obliged to finish the procedures described above. You can always decide to
withdraw your consent later on. If you decide to stop or withdraw your consent prior to publication of the research results, all the
information gathered up until then will be permanently deleted. However, if information has been anonymised, it cannot be deleted

because it is not possible to trace back the information to individual participants.

Discomfort, Risks & Insurance
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The risks of participating in this research are no greater than in everyday situations at home. Previous experience in similar research
has shown that no or hardly any discomfort is to be expected for participants.

For all research at the University of Amsterdam, a standard liability insurance applies.

Confidential treatment of your personal details

The information gathered over the course of this research will be used for the purpose of this research project. Your personal details
will not be used in publications, and we guarantee that you will remain unidentifiable in all publications. Audio recordings will also
never be shown in public.

The data gathered during the research will be encrypted and stored separately from the personal details. These personal details and the
encryption key are only accessible to members of the research staff.

Anonymised data will be stored for a period of 10 years The non-anonymised data will only be stored as long as is necessary for the

research and will be deleted as soon as possible.

Data subject rights according to the GDPR
Participants can request more information from the researcher at any time about their rights as data subjects under the EU privacy

law, the GDPR.

Reimbursement

If you wish, we can send you a summary of the general research results at a later stage.

Further information
For further information on the research project, please contact Yuying Zhu (phone number: +31 638970564; email:

yuying.zhu@student.uva.nl; Spuistraat 134, 1012VB Amsterdam, The Netherlands) and Dr. A.T. Benders (phone number: +31

(0)205250000; email: a.t.benders@uva.nl; Spuistraat 134, 1012VB Amsterdam, The Netherlands).
If you have any complaints regarding this research project, you can contact the secretary of the Ethics Committee of the Faculty of
Humanities of the University of Amsterdam, commissie-ethiek-fgw(@uva.nl; Binnengasthuisstraat 9, 1012 ZA Amsterdam, The

Netherlands.
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Informed consent form

‘I hereby declare that I have been clearly informed about the research project Investigating the Phonologization of “Sound Swallowing”’
in Beijing Mandarin: Acoustic Evidence from Retroflex Segments at the University of Amsterdam, Faculty of Humanities, conducted
by Yuying Zhu under supervision of Dr. A.T. Benders as described in the information brochure. My questions have been answered

to my satisfaction.

I realise that participation in this research is on an entirely voluntary basis. I retain the right to revoke this consent without having to
provide any reasons for my decision. I am aware that I am entitled to discontinue the research at any time, and that I can always
withdraw my consent after the research has ended. If I decide to stop or withdraw my consent, all the information gathered up until

then will be permanently deleted.

If my research results are used in scientific publications or made public in any other way, they will be fully anonymised. My personal

information may not be viewed by third parties without my express permission.

If I need any further information on the research, now or in the future, I can contact Yuying Zhu (phone number: +31 638970564;
email: yuying.zhu@student.uva.nl; Spuistraat 134, 1012VB Amsterdam, The Netherlands) and Dr. A.T. Benders (phone number: +31
(0)205250000; email: a.t.benders@uva.nl; Spuistraat 134, 1012VB Amsterdam, The Netherlands).

If I have any complaints regarding this research, I can contact the secretary of the Ethics Committee of the Faculty of Humanities of

the University of Amsterdam; email: commissie-ethiek-fow(@uva.nl; Binnengasthuisstraat 9, 1012 ZA Amsterdam, The Netherlands.

I consent to:

- participate in this research Uyes/ Ono
- audio recordings being made Uyes/ Ono
- my personal details to be stored for a period of 10 years Uyes/ Ono

Signed in duplicate:

Name participant Date Signature

‘I have explained the research in further detail. I hereby declare my willingness to answer any further questions on the research to the
best of my ability.’

Name researcher Date Signature
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